About 40 years ago Bordet demonstrated that agglutinins did not ordinarily agglutinate bacilli unless salt was present, and until recently it has been customary for all immunologists to regard the process of specific agglutination as involving two separate stages; first, a primary, specific, and rapid combination of antibody with antigen, and second, a slower stage-requiring the presence of an electrolyte-during which the primary compound particles aggregated. Bordet (1920) believed that the second stage was not serologically specific. He spoke of it as belonging to the "domaine de la physico-chimie." Marrack (1934) in a stimulating monograph on antigens and antibodies proposed a speculative explanation of antibody-antigen reactions involving a purely chemical mechanism throughout. He supposed that each molecule of the antibody had a number of specific combining groups, and through the medium of these groups the molecules or particles of the antigen, which we know to contain numerous specifically reactive groups, were thus tied together. Later, Heidelberger and Kendall (1935) proposed a similar mechanism for the precipitin reaction. This hypothesis has been called the "alternation" theory.
which were used. Seeking to obviate this difficulty, Hooker and Boyd (1937) made the experiment of mixing chicken erythrocytes, human erythrocytes, and their respective combined antisera and were able to demonstrate clear cases of mixed agglutination. The chicken erythrocytes were readily distinguished from the human erythrocytes by their somewhat larger size and oval shape and by the presence of nuclei. Wiener and Herman (1939) also did an experiment involving mixed agglutination of chicken and human erythrocytes. They observed some mixed clumps, especially when more concehtrated serum was used, but thought that even in a mixed clump cells of one or the other kind tended to predominate. In their experiments with mixed Kline antigen and huiman red cells and with typhoid bacilli and human red cells, they obtained homogeneous aggregates only. Type 14 antipneumococcal serum (horse), which agglutinates human erythrocytes as well as pneumococci, gave, as expected, mixed aggregates when tested with mixed pneumococci and human red cells.
The Bordet (1920) theory involves the supposition that the combination of the antibody with the surface of the bacterial, human, or other cell causes an alteration in the electrical and other properties of the surface which results in the cells' combining with each other nonspecifically in the second stage of the reaction. For anyone who has watched agglutination taking place under the microscope, or who has seen the remarkable microcinematographs of Pijper (1941) , it is hardly possible to doubt that bacteria and other cells are normally prevented from coming into close contact by a mutual repulsion, probably due to surface charges, and that the addition of "anti-O" agglutinin to typhoid bacilli, for instance, destroys or lessens this repulsion, while at the same time the bacteria become "sticky." Bordet, doubtless followed by many others, considered that this wtuld suffice to account for all types of agglutination. Pressman, Campbell, and Pauling (1942) Suspensions of normal human red cells and ghosts were made up to approximately equal cell count and checked under the microscope. One drop of each type of suspension was added to a small test tube; one drop of physiological saline was added; and then one drop of each type of serum for which the experiments called. The tubes were shaken and centrifuged at 1,500 rpm for three minutes. Then they were reshaken gently, and one drop was put on a slide and examined under the microscope.
In this experiment human isoagglutinins anti-A (B serum) and anti-B (A serum) were used. Duplicate experiments with rabbit-immune anti-A and anti-B (absorbed to make them specific) gave identical results. The results of these experiments are shown in table 1.
In later tables in the present paper where results obtained with both types of sera are reported, we mean "anti-A" to imply the hman isoagglutinin and "rabbit anti-A" to imply the absorbed serum.
The results of In the second type of experiment with red cells and ghosts, the cells were first agglutinated with the proper agglutinating serum, centrifuged, and washed three times with saline. Then both were resuspended in saline by vigorous shaking, mixed, allowed to stand, and examined as before. The results of this experiment are shown in table 3.
It will be observed that even when this method of preparing the mixtures was followed, mixed clumps were often observed-a fact which again suggests the role of a common receptor.
Since other workers have used bacteria in experiments, it seemed desirable that we also should conduct some experiments with different types of bacteria In the second experiment mixtures were made of Hemophilus pertussis and streptococci with their respective antisera. Table 5 shows the results of this experiment. The number of mixed clumps observed with concentrated serum was relatively greater than in the mixture of E. typhosa and streptococci, but when the serum was more dilute it was observed as before that the clumps were predominantly homogeneous, that is, composed of only one type of organism.
We think it is worth recording that even when mixed microorganisms were caused to agglutinate by lowering the electrolyte concentration, in which case there can be no question of the individual organisms being held together by serologically specific forces, not all the clumps observed were mixed (table 6) . Instead, a fair proportion of homogeneous clumps was observed. Whether this is simply the statistical result of chance encounters because of Brownian motion, or whether there is actually some tendency for organisms of the same kind to stick together preferentially, is not clear. The clumps observed were looser than they were when agglutinating serum was used, and the proportion of mixed clumps was greater.
If any significant differences in the rates of sedimentation of the different organisms existed, this might perhaps tend to bring organisms of the same kind predominantly together. As a matter of fact, this could possibly be a factor in the experiments done with agglutinin present.
Finally we may recall that bacteria and other cells can also be agglutinated nonspecifically in other ways, so that there can be no question that nonspecific forces may, under proper conditions, bring about strong agglutination.
DISCUSSION
The results of these experiments seem, on the whole, to be more in accord with the newer theory presented by Marrack (1934) and by Heidelberger and Kendall (1935) than with the classical Bordet (1920) theory. When sufficiently dilute antibody is employed, there is definitely a tendency for clumps from mixed unrelated systems to consist of only one kind of cell.-In the case of the bacterial systems particularly, however, when the antibody is more concentrated, mixed clumps are sometimes observed, as previously reported by Abramson (1935) and by Hooker and Boyd (1937) . Evidently the sort of nonspecific "stickiness" envisioned in the Bordet theory does sometimes play some role in ordinary agglutination (Hooker and Boyd, 1937; Wiener and Herman, 1939) . In other cases, especially with more dilute serum, however, the "stickiness" conferred on the cell by the agglutinin seems to be specific. The simplest explanation of homogeneous clumps may be the theory already proposed by Marrack (1934) and Heidelberger and Kendall (1935) (1940, 1942) that the antibody has at most a valence of 2 or 3. Such antibody could presuzmably build up threedimensional "frameworks" with multivalent antigen (Pauling, 1940) .
It has not escaped the attention of proponents of the "alternation" theory that if their theory is correct, a univalent antibody, whether occurring naturally or produced by chemical or physical change from an originally di-or trivalent antibody, might still combine with the antigen, but would not be expected, -in the absence of nonspecific forces, to cause precipitation or agglutination. If the theory is correct, this seems to offer a permissible, though not the only, interpretation of the "incomplete" or "blocking" antibody sometimes observed, as in the Rh system (Race, 1944; Wiener, 1944) .
However, in spite of the agreement of our results with the predictions of the newer theory, we do not mean to assert that they definitely establish the truth of this point of view. For one thing, the results recorded here as well as some of the earlier results clearly indicate that nonspecific forces, particularly when concentrated antibody is present, play some role in the formation of aggregates, although it may be that the specific forces predominate. The chief reason for still suspending judgment, however, seems to us to be the negative evidence againAt the multivalency of antibodies. If the antibody possessed a valence of more than 1, it should be possible to make mixtures of antibody and antigen with antigen in such excess that more than one molecule of antigen is combined with each molecule of antibody. Such compounds do not seem to have been obtained, with the possible exception of the diphtheric toxin-antitoxin mixtures studied in the ultracentrifuge by Pappenheimer, Lundgren, and Williams (1940) . These authors observed a peak in the sedimentation diagram which might have been due to the presence in the mixture of a combination of two molecules of toxin with one of antitoxin. Aside from this, in spite of the varied analytical work which has been done on the antibody-antigen system, evidence for the multivalency of the antibody has not yet been found. The valence calculations of Pauling et al. (1942) are rendered doubtful by the possibility that the haptens used by him were aggregated by the conditions used (Boyd and Behnke, 1944) . One may perhaps incline toward the "alternation" theory on the basis of results such as those reported here. We, however, hesitate to commit ourselves to it completely as yet. This work was aided by a grant from the Rockefeller Foundation.
SUMMARY
The results of experiments on mixed agglutination with normal and hemolyzed human red cells and with readily distinguishable species of microorganisms are detailed. It is found that, particularly when the antibody is dilute, the aggregates observed tend to be predominantly homogeneous, that is, composed of only one type of cell. But when the antibody is concentrated, mixed (heterogeneous) aggregates are sometimes observed. The results on the whole not only suggest that the so-called "alternation" hypothesis of serological reactions plays a role, but also that nonspecific forces, as proposed long ago by Bordet, may also be effective in mixtures containing concentrated antibody. Mixed clumps are regularly obtained when the two antigenic particles possess a common antigenic receptor for the antibody present.
